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SUMMARY 


The consideration of similarities between ecological profiles of 326 hemiedaphic oribatid taxa 
found in 30 forest communities allowed the determination of six major sets of ecological groups. 
Five groups (i. e. 14, 1B, 1C, 1 D and 2) are made up of taxa whose responses to the defined discri- 
minatory factors, i. e. humus type and macroclimate, are very distinct. The other seven groups 
(i. e. 3A, 3B, 4A, 4B, 5, 64 and 6B) are, on the contrary, made up of taxa which are far less linked 
with these factors. For each group, a small number of taxa, i. e. typical taxa, have come to light, 
recognized not only by a clear response to edaphic and climatic factors, but also by specific preferenda 
for certain ecological variables, the nature of which has been determined on the sampling sites. 
Finally, we suggest that mechanisms of organization and regulation of oribatid communities are 
achieved in a different way according to whether the organic horizons are calcic mull and peat 
horizons, or non calcic mull and moder horizons. 


Krv-wonps: Auto-ecological preferenda - Cluster analysis - Community organization - 
Ecological profiles - Multiple correspondences analysis. 


RÉSUMÉ 

La prise en compte des similitudes existant entre les profils écologiques de 326 entités écolo- 
giques d'Oribates hémiédaphiques reconnues dans 30 peuplements forestiers a permis de délimiter 
six grands ensembles de groupes écologiques. Cinq groupes, notés 74, / B, 1C, 1 D et 2, sont composés 
d'entités dont les exigences à l'égard des facteurs discriminants définis, à savoir la catégorie d'humus 
et le macroclimat, sont trés marquées. Les sept autres groupes (34, 3B, 44, 4B, 5,64 et 6B), à l'inverse, 
sont constitués d'entités nettement moins exigeantes. Pour chaque groupe, on a mis en évidence 
un petit nombre d'entités typiques se caractérisant non seulement par leurs exigences édaphiques 
et climatiques, mais également par des préférenda précis pour certaines variables écologiques, dont 
on a établi les états dans les sites inventoriés. Finalement, comme on en émet l'hypothése, la struc- 
turation et la régulation des communautés semblent se réaliser selon des modèles différents dans les 
horizons organiques à mull calcique et à tourbe, et dans les horizons à mull non calcique et à moder. 


Morts-cLés : Analyse des correspondances multiples - Classification divisive - 
Organisation des peuplements - Préférenda auto-écologiques - Profils écologiques. 
INTRODUCTION 


"Ecological group" is a notion based on the principle of community composition 
demonstrating the characteristics of the community environment. According to 
ELLENBERG (1954), an ecological group consists of species with approximately the 
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same behaviour towards the principal field factors, i. e. discriminatory factors as 
defined by GouNor (1969). The ecological group notion comes from the more general 
concept of distributional similarity (DUVIGNEAUD, 1946: WHITTAKER, 1978), which 
includes all the trophic, chorological, phenological and mesological tendencies 
inducing certain species to live together in nature. From a pragmatic standpoint 
however, an integral analysis of all these components is not possible. Therefore, 
only mesological aspects of the concept will be considered here. 


In the case of hemiedaphic oribatid communities listed in 30 deciduous forests, 
two discriminatory factors, i. e. humus type and macroclimate, are brought to light 
(WAUTHY & LEBRUN, 1980). The ecological domain of each group is determined, 
i. e. the range of the two discriminatory factors that distributions of their components 
represent. But, the ecological domain indicates the main patterns of distribution, 
because discriminatory factors are very complex factors. Therefore, it is necessary 
to study patterns of distribution in relation to simple factors, i. e. ecological variables 
in DAGNELIE's meaning (1965). Delimitation of ecological groups refers to analysis 
of the numerical structure of communities. Thus, in the present paper, problems of 
composition of hemiedaphic oribatid communities will not be approached. Never- 
theless, let us point out a remarkable observation: ANDERSON & HALL (1977) indi- 
cated a good correlation between numerical heterogeneity of oribatid communities 
and that of organic fragments forming the hemiedaphic biotopes, in close dependence 
with the humus type. 


Giving the typical species of the groups is also required. This typification notion 
is developed herein and is intended to evaluate the extent to which certain group 
components seem to be more linked to their ecological groups than the others. This 
recalls the “fidelity” notion of BRAUN-BLANQUET (1932): indeed, the chosen compo- 
nents implicitly show a high frequency in a certain number of community samples: 
however, consideration of their ecological behaviour differentiates both notions. 
Oribatid mites are very diversified in soil organic horizons. This implies a great 
variety of ecological niches and competences (in the meaning of MACARTHUR, 1972) 
that confirms a preponderant role in micro-organisms' control and recycling of 
nutrient elements (WALLWORK, 1967; LEBRUN, 1979). Nevertheless, it remains to 
quantify very precisely the part played by oribatid mites in these processes. In prac- 
tice, it will not be possible to study each species individually. Therefore, the typical 
species we will indicate may be considered as the best implement for future ecological 
studies. 


MATERIALS AND METHODS 


1. Ecological taxa 


Each systematic unit is subdivided into three ecological taxa corresponding to ontogenetic 
levels, i. e. larval, nymphal and adult Oribatida. As TRAVÉ (1964) stated, we attach great importance 
to oribatid immatures: in fact, we consider that the adherence of each ecological taxon to a group 
is due to the phyletic inheritance of the individuals at the corresponding ontogenetic level, just as 
these individuals acquire or lose some morphological characters at this level (GRANDJEAN, 1947). 
Moreover, the second part of this work (WAurHY, 1981) established that the communities of larval, 
nymphal and adult hemiedaphic Oribatida may be related to the same edaphic and climatic factors. 


Where typical taxa are brought out, two important points are considered: (i) their behaviour 
towards the environmental factors corresponds to the majority behaviour of the taxa of each group; 
(ii) their relative abundance established on the set of sampling communities exceeds 1/1,000; this 
threshold, arbitrarily fixed, corresponds to more than 60 collected individuals. The abundance of 
185 taxa exceeds the threshold value. 
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The defined ecological groups only concern species which are thought to show, according to 
our present knowledge, a normal development in forest organic horizons. Therefore. 31 taxa, whose 
usual habitats are either deep soil horizons or cortico-arboricolous or lignicolous biotopes, were 
rejected (see appendix). Finally, 326 taxa are used for the multivariate analyses. 


2. Group and ecological domain delimitation 


The ecological group delimitation method is mainly drawn from the technique perfected by 
GouNor (1969), i. e.: (i) determination of the ecological profile of each taxon with respect to both 
discriminatory factors, i. e. their frequency (*) in the organic horizons of the four humus types (calcic 
mull, non calcic mull, moder (?) and peat) and in the organic horizons in Atlantic and Subatlantic 
provinces; (ii) clustering of the set of profiles in order to group the ecological taxa with about similar 
profiles or with identical abnormalities in their profile. 

Ecological domain definition of each group consists in establishing the exact level of the factors 
to which corresponds the taxon distribution in the community samples. We use the auro-ecological 
preferenda method of Bonner (1978). Each factor is subdivided into disjunctive modalities in order 
to assign only one modality to each ecological taxon (just as each taxon belongs to only one ecolo- 
gical group). The description of relationships between groups and defined modalities is made 
by means of the multiple correspondences analysis perfected by LEBART ef al. (1977): using stochastic 
approximations, each group and each modality is represented by a point in a plan-diagram, in such 
a way that each group-point is situated near only one or several modality-points referring to prefer- 
enda of all the taxa which make up the group. 


3. Relationships between taxa and certain simple factors 


In forests, some simple environmental factors (or variables) can be related at one and the same 
time to the different states of the discriminatory factors and to different levels of density of oribatid 
populations, and also to different levels of composition and structure of communities (see STRENZKE, 
1952; KNüLLE, 1957 a; Davis, 1963; LEBRUN, 1965; VANNIER, 1970; LEBRUN & MIGNOLET, 1974: 
Lions, 1979 and HAGVAR & ABRAHAMSEN, 1980 among others). The simple factors concerned are: 


1. Soil moisture illustrated by the study of the internal drainage quality, that directly influences 
the moisture content of organic horizons (DELECOUR, 1978 a) and its fluctuation in these horizons, 
that directly depends on humus type (TOUTAIN, 1974); water content fluctuation is analysed by 


means of a percentage standard deviation estimated on ten organic matter samples collected at two 
different seasons: 


2. Vegetation illustrated by the study of oak, beech and hornbeam abundance; these species 
are chosen on account of their great discriminatory power between phytosociological classes, to 
which forest communities listed in Belgium are referred (see LEBRUN er al., 1949); 


3. Chemical conditions illustrated by the study of pH, exchange acidity, carbon and nitrogen 
percentage, for which recorded values are directly dependent upon humus type (DELECOUR, 1978 5); 

4. Topographic conditions illustrated by the study of average slope and altitude; slope may be 
related to colluvium mechanisms of soils and to microclimate; in another connection, macroclimate 
is strictly linked to altitude in Belgium (see PONCELET & MARTIN, 1947). 


Suppose that we examine the “mean preferendum" of each taxon for each ecological variable. 
This parameter is considered to be the average value found for the variable in stands where the 
taxon is listed. On account of the relationship between the densities and the retained variables, 
as above mentioned, we will find out the linkage between the mean preferenda of the taxa for the 


(1) We use centesimal frequencies. Other essays based on average abundances, with data trans- 
formations or not, were realized. In all the cases, the ecological domain referring to each delimitated 
group was always less obvious than that using centesimal frequencies. 


(*) A more detailed analysis of the pedological profile at the stand of Brachkopf revealed that 
organic horizons belong to the dysmoder type according to the classification of DELECOUR (1980), 
and not to the mor type as indicated previously (WAuTHY & LEBRUN, 1980). 
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ecological variables and their average abundances within the discriminatory factors’ classes. As 
AUSTIN (1972) and Bonnet (1978) suggest, canonical correlation analysis will be used. 


Data transformation is realized for soil internal drainage quality and plant species abundance: 


— the listed soils are divided into three increasing drainage efficiency classes, with following 
simple values: (i) /, for soils with a very satisfactory internal drainage (“GD” and “Very dry” soils 
of figure | in WAuTHY & LEBRUN, 1980); (ii) 3, for soils with very poor drainage (*M" and “Very 
moist” soils, same figure); (iii) 2, intermediate states; 

— data referring to the “abundance-dominance” of the plant species are converted into three 
classes in accordance with an abundance gradient, with following simple values: (i) 0, if the species 
is absent; (ii) /, if the abundance-dominance index is noted 1 or +; (iii) 2, all other cases. 


DELIMITATION OF THE GROUPS 
1. Clusterings 


Whatever the technique, there is an essential rule when setting up ecological 
groups: the size of defined groups must not be either too great or too small. In the 
first case, the ecological domains of the groups might be mistaken owing to their 
largeness; in the second case, groups would be secondary, even aberrant. 


The first cluster analysis method we used concerns the “Nuées Dynamiques” 
technique perfected by DiDAY (1971) in the version of LEBART ef al. (1977). Without 
going into all the details, let us note that the method, as cluster process is carried out, 
determines the centre of successive clusters by aleatory drawing. The final cluster 
mainly depends on the choice of initial centres. Three basic parameters determine 
this choice, and they must be laid down by the user. Several tests were carried out 
and led to the conclusion that clustering of table I was the most satisfactory with 
respect to the above rule. Moreover, in this case, the number of taxa which cannot 
be classified is minimised, i. e. 24 entities. 


As GaucH (1980) notes, DipAv's technique is, at present, one of the most 
adequate methods for ecological data processing. Nevertheless, since results of certain 
tests are rather different from those on table I the 12 obtained clusters are compared 
with those of another clustering method. We consider that clusters, obtained with 
both methods, and containing about the same taxa, are equivalent. So we decided to 
set up an ecological group with common taxa in equivalent clusters. The second 
method (or “Virtual Centre” method), perfected by BERTHET ef al. (1976), is more 
conventional than the previous one, insofar as the definition of successive centres 
is based on research of their optimal position. Centre relocation is thus possible. 
The clustering into 12 clusters equivalent to the 12 clusters obtained with Dipay’s 
method is shown on table I. With comparison between equivalent clusters, 12 ecolo- 
gical groups may be defined. Some groups are subordinated to one other, in that 
they are revealed by only one of the two methods. These subordinated groups form 
four sets, which we are going to describe. 


2. Ecological groups 


Set 1 is made up of the ecological taxa of cluster no. 1 achieved by means of 
“Virtual Centre" method (abbreviated form: *VC"). This set is divided into four 
ecological groups exactly corresponding to clusters no. 1, 2, 3 and 4 of “Nuées Dyna- 
miques” method (“ND”), except for taxa no. 152 and 277. These two taxa are added 
to 24 taxa unclassified by ND method: they form a remaining group (group A). 
Group 2 is built up with taxa showed by clusters no. 5 and 2 of ND and VC clusterings 
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TABLE I 


Results of the two cluster analyses and determination of the ecological groups. Asterisks 
mark ecological taxa which are not present in equivalent clusters. The taxon names are 
listed in the appendix. 
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respectively. Consequently, two taxa, no. 148 and 149, are put in group R. Set 3 
joins taxa of ND clusters no. 6 (group 34) and no. 7 (group 3B) with taxa of VC 
clusters no. 3. Nine taxa, not in common, are added to group R (i. e. no. 55, 151, 
169, 210, 211, 225, 273, 295 and 321). Set 4 corresponds to VC cluster no. 4. This 
cluster is subdivided into two ecological groups (44 and 4B) referring to ND clus- 
ters no. 8 and 9. Seven taxa join the group R (i. e. no. 41, 60, 66, 130, 152, 277 and 
292). Group 5 comprises VC clusters no. 5 and ND cluster no. 10: nine taxa are 
added to group R (i. e. no. 92, 93, 94, 95, 96, 175, 192, 255 and 256). Set 6 consists 
of taxa of VC clusters no. 6 (group 6A) and no. 7 (group 68), which also are in 
ND cluster no. 11. Only one taxon (322) transfers to group R. Finally, group R is 
also constituted with taxa of VC cluster no. 8 which has no precise equivalence in 
ND clustering. The clusters which are too small, i. e. VC clusters no. 9, 10, 11, 12 
and ND cluster no. 12, are also added to group R. 


3. Validity of the results 


In multivariate analysis, as BRISSE & GRANDJOUAN (1978) specified, the validity 
of results depends on two criteria: precision and fitness. In the present case, the compa- 
rison between results of both clusterings leads to a better precision of ecological 
groups. But, we do not know anything about fitness. Therefore, we decided to use 
the rather simple method suggested by LEBART et al. (1977). This method consists 
of checking the stability of results after a considerable alteration of the data matrix. 
The data alteration is herein a Boolean alteration. The clustering of altered data 
matrix is made by means of DipAy’s method, whose basic parameters are the same 
than those used to set up clusters shown on table I. 


Nine out of the 14 defined clusters may be considered to be equivalent to some 
clusters of table I. In descending order with respect to the number of common ecolo- 
gical taxa these are: cluster no. 11 (96 % common entities), no. 10 (81 %), no. 1 
(77 95), no. 9 (67 %), no. 6 (57 %), no. 5 (52 %), no. 4 (48 %), no. 2 (42 %) and 
no. 3 (18 %). Finally, 238 taxa remain well classified, i. e. more than 70 %, after 
the Boolean alteration of data, i.e. if we only take into account the presence or absence 
of ecological taxa in organic horizons belonging to the four humus types or to Atlantic 
or Subatlantic climate. Although we have no comparison points at our disposal, 
we may consider that a percentage of this order proves a satisfactory accuracy of ND 
clustering and, consequently, of identified ecological groups. 


ECOLOGICAL DOMAIN OF THE GROUPS 


l. Domain with reference to humus type and macroclimate 


— Descriptive elements 

Discriminatory factors may be subdivided into complete disjunctive modalities 
in order to assign only one modality to each ecological taxon. Twelve modalities 
are considered for the humus factor, and take into account varied situations (table IT): 
(i) the taxon is recorded from one or several community samples belonging to one 
humus type (modalities no. 1 to 4); (ii) the taxon is recorded in two or three humus 
types (modalities no. 5 to 11); (iii) the taxon is present in all humus types (moda- 
lity no. 12). 

Three modalities are assigned to the macroclimate factor. The last 20 modalities 
of table II refer to preferenda both for humus type and macroclimate. In order to 
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1 — Presence in calcic mull organic horizons uniquely. 


1 - Presence in Subatlantic calcic mull organic horizons. 


— Presence in non calcic mull organic horizons uniquely. 


2 — Presence in Subatlantic non calcic mull organic horizons 


— Presence in moder organic horizons uniquely. 


3 - Presence in Atlantic non calcic mull organic horizons. 


4 — Presence in non calcic mull organic horizons, whatever the 
climate may be. 


— Presence in calcic and non calcic mull organic horizons. 


2 
3 
4 — Presence in peat organic horizons uniquely. 
5 
6 


— Presence in calcic mull and moder organic horizons. 5 — Presence in Subatlantic moder organic horizons. 


7 — Presence in non calcic mull and moder organic horizons. 6 — Presence in Atlantic moder organic horizons. 


8 — Presence in moder and peat organic horizons. 7 —Fresence in moder organic horizons, whatever the climate 


may be. 


9 —Presence in calcic and non calcic mull and moder organic 
horizons. 


8 —Presence in Atlantic peat organic horizons. 


— Presence in calcic and non calcic mull and peat organic 9 —Prasence in peat organic horizons, whatever the climate may be. 


horizons. 


10 — Presence in Subatlantic calcic and non calcic mull organic 


horizons. 


11 -Presence in non calcic mull, moder and peat organic horizons. 


12 —Presence in calcic and non calcic mull, moder and peat organic - Presence in calcic and non calcic mull organic horizons, 


whatever the climate may be. 


horizons. 


12 - Presence in calcic mull and moder organic horizons, whatever 
the climate may be. 


MACROCLIMATE 
13 —Presence in Subatlantic non calcic mull and moder organic 


1 —Presence in Subatlantic province. horizons. 


2 —Presence in Atlantic province. 14 — Presence in non calcic mull and moder organic horizons, 


whatever the climate may be. 


3 —Macroclimatic indifference. 
15 —Presence in moder and peat organic horizons, whatever the 
climate may be. 


16 —Presence in calcic and non calcic mull and moder organic 


horizons, whatever the climate may be. 


17 —Presence in calcic and non calcic mull and peat organic 
horizons, whatever the climate may be. 


TABLE Il 


Modalities taken into account for descriptive 
elements concerning humus type and macroclimate. 


18 —Presence in non calcic mull, moder and peat organic horizons, 


whatever the climate may be. 


19 —Presence in calcic and non calcic mull, moder and peat 
organic horizons, whatever the climate may be. 


20 —Not regarded entities. 
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avoid any redundancy with the previous modalities, a minimal abundance threshold 
(arbitrarily fixed at five individuals) intervenes in the allocation of these modalities. 
Therefore, modality no. 20 incorporates the 10 taxa whose abundances never reach 
this threshold, i. e. no. 16, 25, 66, 86, 155, 166, 168, 276, 316 and 320. 


Figure 1 shows the location of the 35 modality-points and the 13 group-points 
in the first two multiple axes. The three modality-points concerning macroclimate 
are very far from one another: the first axis contrasts, with the two other points, 
point no. 2 which accounts for preferenda concerning Subatlantic province; the 
second axis contrasts, with the two other points, point no. 1 referring to Atlantic 
province. Let us consider ordinations of the modality-points indicating humus types. 
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Fic. 1. — Multiple correspondences analysis of 13 group-elements and 35 descriptive elements 


referring to humus type and macroclimate, defined on 326 hemiedaphic oribatid ecological 
taxa. — Plan ofaxes 1 and 2. Arrow indicates, for each group. the modality chosen by the majo- 
rity of the group taxa. — Numbers designating descriptive elements are identical with those 
of table II. 


Points no. 1, 2, 3 and 4 are well aligned according to a direction crossing both axes, 
at a certain distance from the gravity centre. The modalities in question (table II) 
show straight responses to humus types. Under the gravity center and opposite the 
previous points are gathered modality-points (no. 9, 10, 11, 12) referring to taxa 
not so much affected by humus type. Where modality-points relating to both humus 
type and macroclimate are concerned, locations show identical pattern to that just 
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described: (i) the first axis contrasts, with the other points, points no. 1, 2 and 5 
referring to prefernda for calcic mull, non calcic mull and moder horizons in Sub- 
atlantic province respectively, (ii) second axis segregates the two points indicating 
peat organic horizons (no. 8 and 9). 


Finally, modality-point ordinations in the first two multiple axes correspond 
with straighter and straighter responses to humus type and macroclimate, and reveal 
a simplification of the ecological behaviour of the taxa. 


— Definition of the groups 


Considering now these modality-point locations, we notice that the eight group- 
points (no. 3A, 3B, 4A, 4B, 5, 6A, 6B and R) which are gathered near the gravity 
centre relate to groups made up of taxa not much linked with humus and climatic 
discriminatory factors. There are generalist taxa in BLONDEL’s meaning (1979), 
regarding these factors; in other words, their responses to discriminatory factors 
are very large. On the contrary, the five other points (7A, 1B, 1C, 1D and 2) relate 
to groups made up of specialist taxa. 


This standpoint will become more precise, using and interpreting proximities 
of group- and modality-points in the plan of axes | and 2. We are going to define 
the humus and climatic responses of most taxa included in each group. When a group- 
point is surrounded by several modality-points, an arrow shows the modality 
chosen by most taxa. 


The four groups identified as number | appear to be largely linked with the 
Subatlantic province. Most of the taxa of group /A (28 taxa out of 36) appear in 
community samples of calcic mull horizons, where their abundance generally is 
more than five individuals. The other taxa of the group are also collected in non 
calcic mull horizons of the Subatlancic province or in moder horizons influenced 
by both macroclimates. The taxa of group /B are only recorded from Subatlantic 
forests with non calcic mull. But, they do not consist of a great number of individuals. 
These entities intervene very little in community structure, at least at the moment of 
our sampling, and group /B may be therefore considered to be a secondary group. 
Again, most of taxa of group /C are characterized by a weak abundance. They 
are mainly collected in calcic and non calcic mull horizons. Nevertheless, the climatic 
response of the group is less definitive since four taxa out of 14 seem not to be linked 
with macroclimate. All the taxa of group / D are linked with moder organic horizons 
of the Subatlantic province, except for Brachychochthonius cricoides N., Damaeus 
verticillipes A. and Oppia maritima A., which have an Atlantic moder preferendum. 


The group 2 taxa are abundant only within the two analyzed peat organic 
horizons. However, the macroclimate responses of the group taxa are not so defini- 
tive as for the previous groups. One would have to study a greater number of peat 
forests, in order to specify their climatic tendencies. 


The ecological preferenda of taxa of groups 3A and 3B are non calcic mull 
and moder horizons (“humus” modality no. 7) without any special climatic response 
(“humus-climate” modality no. 14). Distribution of the taxa of groups 44 and 4B 
within the community samples is very wide since they all occur in calcic, non calcic 
mull and moder horizons of forests located either in Atlantic or Subatlantic provinces. 
Nevertheless, 19 taxa out of 52 show a clearer edaphic response since they are espe- 
cially recorded from non calcic mull and moder organic horizons. As in the previous 
case, the behaviour of group 5 taxa is not well defined; their preferenda concern non 
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calcic mull, moder and peat horizons. Finally, groups 64 and 6B are made up of 
taxa whose responses to discriminatory factors are very large. 


The presence of generalist taxa (15 taxa characterized by *humus" modality no. 11) 
as well as the presence of specialist taxa (7 taxa characterized by “humus” moda- 
lity no. 2; 3 others by “humus” modality no. 3) within group R may explain the loca- 
tion of the R-point in the first two axis-plan. The point is located between points 
referring to groups which are mainly made up of specialist taxa and points referring 
to generalist groups. 


2. Shrinkage of the ecological domain 


As mentioned above, the ecological domain of the 163 recognized generalist 
taxa referrable to humus type and macroclimate is very large. Nevertheless, it is 
possible that the domain depending on other ecological variables is as restricted 
as the one of the specialist taxa depending on humus type and macroclimate. In other 
words, in this section, we want to know whether the distribution of generalist taxa 
within the community samples (as well as their numbers existing in the community 
samples) do not depend on particular ecological conditions. 


— Correlation analyses 


The variation in abundance of generalist taxa that occurs between the stands, 
and thus between the discriminatory factors' classes, is nearly always very important. 
Therefore, the first question we ask is: for each ecological group, does there exist 
a global relationship between the variations of abundances and that of mean pre- 
ferenda of the taxa for the ecological variables? Consequently, the greater the number 
of variables significantly intervening in the relationship is, the more important is 
the “generalist” character of the ecological group. We establish (after data standar- 
dization) canonical and multiple correlations between average abundances of taxa 
within the six discriminatory factors’ classes (/, calcic mull; 2, non calcic mull: 
3, moder; 4, peat; 5, Atlantic climate; 6, Subatlantic climate) and average value of 
11 ecological variables within the stands where each taxon is collected, i. e.: 7, internal 
drainage quality; 8, water content variation in organic habitats; 9, oak abundance; 
10, beech abundance; //, hornbeam abundance; /2, pH: /3, exchange acidity: 
14, carbon percentage; /5, nitrogen percentage; /6, slope; /7, altitude. 


Where groups 34 and 3B are concerned ('), two canonical correlation coeff- 
cients appear to be highly significant. The first one (7(2,3)7,s) = 0.53) shows the global 
linkage between abundances of taxa of both groups in the humus types and average 
levels of hydric variables in the sites where they are present. The second coefficient 
('(5.9,10.11) = 0.58) refers to the linkage between taxon abundances in the two 
macroclimatic provinces and conditions of plant species abundances corresponding 
to the taxon distributions. In addition, multiple correlation coefficients indicate that, 
in the first case, linkage is mainly due to the internal drainage (72,547) = 0.40). 
In the second case, the most influential floristic characteristics are oak (rgs, eo =0.43) 
and beech (resoa = 0.41). 

All the canonical correlation coefficients referring to abundances of group 44 
and 4B taxa in humus types prove to be significant. The most significant coefficient 
concerns plant species (ru,2,3x9,10,11) = 0.54), and linkage is especially influenced by 


() Normality of the data is essential when canonical and multiple correlations are carried out. 
Therefore, the taxa of the two groups are considered simultaneously. 
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hornbeam (rq; » 37, = 0.40). Global linkage between abundances in humus types and 
chemical conditions where taxa are collected, is important too (ru, >,3)(2,13,14,15) = 0.57). 


Only carbon percentage does not seem to intervene in this correlation since the 
coefficient 7(;» 54; is not significant (0.22). 


Where group 5 is concerned, linkage between abundances in the discriminatory 
factors' classes and states of ecological variables considered for the stands where taxa 
are living, is still not significant. However, from a global standpoint, the average levels 
of chemical variables according to sampling collections are significantly linked to 
abundances in humus types for group 64 and 6B taxa (r(,23,4)(12,13,14,15) = 0.61). 
Nitrogen content is mainly responsible for the correlation with a multiple coefficient 
1'1,2,3,4(15) = 0.54, whereas exchange acidity does not intervene (7755455) = 0.31). 
Another canonical correlation coefficient proves to be significant, involving topo- 
graphic variable conditions (“42340617 = 0.56), but altitude is the only one 
with a role (Fa,2,3:07) = 0.55). 


— Ecological preferenda analysis 


In order to complete the information obtained from canonical analysis, we will 
first establish to which states of each of the 11 ecological variables the preferenda 
of each taxon are referring; second, we want to estimate resemblances between ecolo- 
gical preferenda of taxa belonging to the same group. For each ecological variable, 
the value calculated on presence-absence data of 326 taxa are put in ascending order: 
then, values are divided into five classes of nearly identical numbers. Thus, these 
classes have about the same size as the defined ecological groups. Adherence of a taxon 
to a class is numbered /, non-adherence 0. In that way, each taxon indicates 
11 modalities among the 55 available modalities shown in table III. These modalities 


TABLE II 


Modalities taken into account for ecological variables. The limit values concerning the five moda- 
lities are given for each variable. Unities referring to some variables are specified in the section 
« Materials and methods ». 


Modality 
no. | no. 2 no. 3 no. 4 no. 5 

Internal drainage............. 1-1.7 1.7-2 2-2.25 2.25-2.50 2.50-3 
Percentage standard deviation of 

water CONTENT: 22 ese 0-11 11-14 14-15.5 15.5-18 18-39 
Abundance of oak........... 0-1 1-1.25 1.25-1.35 1.35-1.60 1.60-2 
Abundance of beech.......... 0-0.5 0.5-0.75 0.75-0.95 0.95-1.15 1.15-2 
Abundance of hornbeam...... 0 0-0.45 0.45-0.65 0.65-1 1-2 
AAA 4.2-4.8 4.8-5 5-5.2 5.2-5.5 5.5-7 
Exchange acidity (meq/100 g of 

diy Mat concisa cene 1.4-3.4 3.4-4.5 4.5-5.2 5.2-6 6-14.3 
Carbon (percentage).......... 10-18 18-20 20-22 22-24 24-53 
Nitrogen (percentage)......... 0.57-0.85 0.85-0.95 0.95-0.99 0.99-1.05 1.05-1.71 
Slope (degrees)... cue 22 0-3 3-5 5-7 7-12.5 12.5-30 
Altitude: (meters)..:.....:..., 15-194 194-225 225-244 244-292 292-545 
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are used as “illustrative elements” of the multiple correspondences analysis previously 
carried out on elements of table II. Illustrative element location in the multiple 
space depends upon (but does not modify) the location of points referring to 
groups, humus types and macroclimates. The final location constitutes the best 
“simultaneous representation” of the set of descriptive and illustrative elements, 
in the LEBART ef al. (1977) sense. 


Figure 2 shows illustrative modality location on the first two multiple axes 
in connection with ecological group element location. Modality-points with number 3 
are gathered in the lower left quadrant of the plan, i. e. modality-points indicating 
preferenda for organic horizons whose values registered by ecological variables are 
neither too high nor too low. There is only one exception: point no. 3 of pH. Since 
group-points referring to generalist taxa are also gathered in the lower left quadrant, 
we may say that generalist groups are made up of taxa whose presences' distribution 
is connected to sites whose states have either a contiguous and intermediate position 
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FiG. 2. — Multiple correspondences analysis of 13 group-elements and 55 illustrative elements 


concerning 11 ecological variables, defined on 326 ecological taxa. — Plan of axes | and 2. Arrow 
indicates, for each group, the modality referring to one of the 11 ecological variables; this 
variable either was indicated by the majority of the group taxa (this is the case for groups /A 
and 2) or was designated by results of multiple correlation analyses (in the other cases). — D,inter- 
nal drainage; W, percentage deviation of water content; Q. abundance of oak; F, abundance 
of beech; Y, abundance of hornbeam; pH. pH; A, exchange acidity; C, carbon; N, nitrogen; 
S, slope; H, altitude. 
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along the gradients defined by the analyzed variables, or two opposite positions 
towards the ends of the gradients. 


This is not the case for specialist groups, at least for groups /A and 2 (see fig. 2). 
Indeed, in the neighbourhood of corresponding points are several modality-points 
referring to preferenda for situations where values of some ecological variables are 
either very high or low. Where group /A is concerned, preferenda refer to organic 
horizons in which exchange acidity does not exceed 3.4 meq, and situated over soils 
with good internal drainage. Where group 2 is concerned, five variables need to be 
considered, and particularly topographic conditions since preferenda refer to sites 
whose slope does not exceed 5? and whose altitude is higher than 290 m. On figure 2, 
the relevant modalities are arrowed. Finally, not only are the responses of specialist 
group taxa clear for discriminant factors as previously indicated, but also the taxa 
are distributed according to extreme conditions of environmental variables. 


For each generalist group, arrows also show a particular modality. This modality 
has two characteristics: (i) it refers to one of the ecological variables revealed by 
canonical analysis; (ii) it is chosen by at least half of the group taxa (see appendix), 
except for groups 34 and 4B (in the case of nitrogen) where a third part of the taxa 
only is concerned. 


Thus, the global linkage between distributions of the taxon abundances and these 
variables is very high, as multiple correlations indicate. Moreover, this linkage is 
achieved over a narrow range of the variables. In other words, not only are the res- 
ponses of generalist group taxa not clear for discriminant factors, but also the taxa 
are distributed according to intermediate conditions of environmental variables. 


TYPICAL TAXA 


According to the taxon responses to certain ecological variables (i. e. prefe- 
rentially using results of multiple correspondences analysis for specialist groups 
and results of multiple correlation analysis for generalist groups) table IV shows 
the variables we take into account to determine typical taxa of each group. These 
variables exhibit a modality (arrowed in figures 1 and 2) shown by the major portion 
of taxa of each group. Nevertheless, in order to retain a small number of typical 
taxa for groups /A, 34, 5 and 6A, we take into account some other variables the 
results of multivariate analyses indicate. These variables likewise exhibit very fre- 
quently chosen modality. Typical taxa, as also the companion ones, are enumerated 
in the appendix. Several typical taxa could not be certainly connected with known 
taxonomic units. Nevertheless, the constant progress of Systematics will reveal 
rapidly their taxonomic position, without any doubt. 


l. Specialist groups 


The sole typical taxon of group /A, Suctobelbella baloghi A., is part of a phyletic 
set in which there is great disorder. Our determination is based on MORITZ's obser- 
vations (1971). Although badly known, feeding habits of Suctobelbidae are likely 
to be specialised on account of their long mandibles (GRANDJEAN, 1951). No typical 
taxon will be chosen for group /B: any relative abundance reaches the threshold 
value. Suctobelbella forsslundi A.is the only taxon of group /C for which abundance 
exceeds this value; the density is very high in certain calcic mull organic horizons. 
Thus, Suctobelbella forsslundi, just like S. baloghi, clearly prefers calcareous sub- 
strates. It does not seem to be the case with S. nasalis, which constitutes with the two 
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TABLE IV 


Requisite and adequate variables for determining typical taxa of each ecological group. 
Levels are indicated in appendix. 


Variables 
Specialist groups 
Group LA: ss humus type, macroclimate, exchange acidity internal drainage. 
hornbeam abundance. slope. 
GYOUD) 1D es humus type. 
STUD Z menus as humus type. 
Generalist groups 
GIOUD SM: A A oak abundance, pH. 
Group 3B ias internal drainage. oak abundance, pH. 
Groüp 44 curar hornbeam abundance. 
Group 4B. iesus hornbeam abundance, nitrogen content. 
Group 3 1.8 hornbeam abundance. internal drainage. nitrogen content. altitude, 
GGD A nitrogen content, altitude, internal drainage, carbon content. 
Gioup OB .....2. nitrogen content. 


previous species an homogeneous systematic set (see Moritz, 1971): edaphic res- 
ponses for S. nasalis A. are less distinct; consequently, it is part of another group. 
Edaphic preferenda of the typical taxon of group /D, i. e. Galumna lanceatus L., 
refer to moder organic horizons of the Subatlantic province. This taxon belongs to 
a systematic unit very common in plant debris on soil of wooded sites. Apparently, 
its geographical distribution extends all over Europe (RAJSKI, 1968). 


There are four typical taxa in group 2. Their abundance is very great in the peat 
organic horizons. Thus, their response to macroclimatic conditions does not seem 
to be precise, at least in the light of our actual sampling of peat biotopes. Despite 
KNULLE’s (1957 b) observations, we could not determine the systematic unit to 
which the two Trimalaconothrus taxa refer. Where Parachipteria willmanni is concerned, 
many authors (STRENZKE, 1952; PscHORN-WALCHER & GUNHOLD, 1957 among 
others) indicate its abundance in various substrates saturated with water. 


2. Generalist groups 


In the case of group 34, Liochthonius evansi A. differs from the other taxa of 
the group because it lives in moder organic horizons, while most of the others (11 out 
of 25) also live in non calcic mull horizons. As MoRiTZ (1976) indicates, pH is always 
very acid. The author also points out its large geographical distribution. It is difficult 
to identify the Nothrus species except for someones with morphological particularities 
(see GRANDJEAN, 1965). The first typical taxon of group 3B, Nothrus cf. borussicus L., 
refers to a species collected by Lions (1975) in the organic and humiferous horizons 
of a pubescent oak grove. Second typical taxon, Suctobelba lapidaria, refers to a sys- 
tematic unit which is poorly known. 
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Where group 4A is concerned, the two typical taxa are characterized by a great 
abundance in all humus types, except for peats. Liochthonius muscorum A. belongs 
to a species which was always confused with L. lapponicus (Moritz, 1976). Conse- 
quently, it would be difficult to specify their auto-ecological characteristics. Qua- 
droppia quadricarinata N. consists of nymphs referring to two different species. 
These species are parts of a phyletic unit probably distributed world-wide. Lions (1977) 
has drawn attention to the existence of at least two systematic units within this taxon. 
The major discriminatory character appears on deutonymphs and, because proto- 
nymphs were mainly collected, we preferred to group nymphs into only one ecological 
taxon. The abundance of typical taxa of group 4B are high in calcic mull and moder 
horizons. Nanhermannia nanus (coronata auct.) is recorded from several holartic 
regions (BERNINI, 1970). In our region, LEBRUN (1971) indicates its abundance in 
lignicolous biotopes. Geographical distribution of Ceratozetes gracilis seems to 
be as large as for the previous species. However, in forests, it mainly occurs in litter 
and soil mosses (TRAVÉ, 1960). The third typical taxon, i. e. Chamobates species A.-A., 
belongs to a rather confused phyletic set. 


Malaconothrus gracilis is very much linked with group 5 since the three ecological 
taxa referring to this species are considered typical. Abundances are substantial 
in all humus types except for calcic mull. M. gracilis is recorded from several regions 
in Europe and North America. It lives in diverse habitats, but the most numerous 
are samples of very moist mosses (TRAVE, 1960; WaurHY, 1976). The last typical 
taxon, i. e. Oppia sigma A., refers to a systematic unit whose optimal living conditions 
are not well known. 


Group 64 is characterized by the presence of nine taxa whose responses to all 
the ecological variables are very homogeneous. Finally, we retain taxa belonging 
to two species, i. e. Platynothrus peltifer and Oppiella nova, for three reasons: first, 
their very large geographical distribution; second, their commonness in organic 
horizons, both in forests and in meadows: third, their feeding habits, since they seem 
to have a rather specific mycophagy. In the case of O. nova, mycophagy is a strict 
one, as CANCELA DA FONSECA & KIFFER (1969) indicated. On the contrary, P. peltifer 
is a saprophytic organism and the mycophagy is secondary, but essential, as several 
observations made in our laboratory prove (VERA-ZIEGLER & LEBRUN, in press). 
Let us point out that the individuals called Oppiella nova belong to the common type, 
characterized by a globular and robustly barbed sensillus (see Lions, 1975). Finally, 
the sole typical taxon of group 6B, Ceratoppia bipilis N., refers to a species whose 
geographical distribution covers all the holarctic regions and which seems especially 
to prefer dry places (GRANDJEAN, 1936). 


ANNOTATION 


1. — The inertia rates associated with the eigenvalues relating to the first two 
axes of the multiple correspondences analysis are respectively 7.98 and 6.62 (com- 
puted values are respectively 0.877 and 0.728). Although they are weak, the quality 
of the ordinations according to these axes, i. e. the value of the information they give 
(see LEBART et al., 1977) is high, since the ordinations pertaining to the following 
axes, and particularly to the third one, are rather similar to those in the first two axes. 


2. — By definition, a discriminatory factor is the most efficient ecological compo- 
nent to explain taxon distribution in the community samples. As DAGET et al. (1972) 
suggest, this efficiency may be estimated by finding out the “mutual information” 
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between the factor and each ecological taxon (see LEPART & DEBUSSCHE, 1980, for 
the theoretical aspects of the method). The “mean” mutual information is calculated 
for the 50 taxa with the highest content of information. In the case of the humus 
type factor, the recorded value of mean mutual information (0.43 bits) is very high, 
exceeding, for instance, values proposed by DAGET ef al. (loc. cit.) and LEPART 
$: DEBUSSCHE (1980) about plant communities, and by BLONDEL (1979) about bird 
communities. Taxa which are most connected by this discriminatory factor are 
Brachychthonius cricoides A. (0.72 bits), Hypochthonius rufulus A. (0.65 bits) and 
Hypochthonius rufulus L. (id.); the less connected taxa are Adoristes poppei A. and 
Minunthozetes semirufus A. with less than 0.01 bits. Where mutual information of 
23 typical taxa is concerned, values exceed 0.10 bits in all cases, except for Liochthonius 
muscorum A., Nanhermannia nanus L., Ceratoppia bipilis N. and Ceratozetes gracilis N. 
and exceed the outstanding value of 0.43 bits for Nothrus cf. borussicus L., Oppia 
sigma A. and Suctobelbella forsslundi A. 


CONCLUSIONS 


This observation indicates that the defined typical taxa have a great and varied 
"indicatory power” (as defined by DaGkr ef al., 1972) towards the humus type factor. 
This aspect, in close connection with the large geographical distribution and the 
microhabitat variety of most of them, as above-mentioned, confirms their interest 
as references for future ecological studies. 


Figure 3 tries to summarize the set of our results. This figure also makes it pos- 
sible to establish the list of taxa fundamentally composing hemiedaphic oribatid 
communities in each of the four analyzed humus types, taking into account, or not, 
macroclimate. Of course, lists are predictive, i. e. will be modified in each stand 
according to the local environment. The analysis of these local conditions and their 
influences on hemiedaphic Oribatida in a greater number of communities for each 
humus category, and especially for peat organic horizons, are currently the subject 
of other research. 


Nevertheless, our results clearly indicate the high stenotopy of the taxa of the 
two ecological groups linked with peat and calcic mull biotopes (group /A and 2): 
their behaviour towards discriminatory factors is precise and their preferenda refer 
to particular states of several ecological variables. Life conditions in calcic mull and 
peat organic horizons are at one and the same time contrasted and unforeseeable: 
(i) in calcic mull horizons, the habitat is much altered during an annual cycle, since 
the litter completely vanished in spring, in connection with the rapid decomposition 
processes; thus, the quantity and also the quality of assimilable substances depend 
on the season; however, most oribatid mites seem to have a great alimentary specificity 
allied with a low metabolic activity (LUXTON, 1972); (ii) in peat horizons, and parti- 
cularly in spring-bogs, life conditions are extreme, nearly aquatic; in raised bogs, 
the rapid inflow due to heavy rains or storms creates temporary anaerobic conditions 
(see PoPP, 1962); but, a cutaneous respiration, i. e. coupled direct to the environment, 
occurs in oribatid mites (although we don't know its importance, see GRANDJEAN, 
1959). 

In other words, the harder the life conditions are, the higher is the stenotopy 
of the fundamental components of communities. This leads to the formulation 
of an hypothesis: the stenotopy of the /4 and 2 groups' taxa may only be understood 
if we accept that the unpredictable life conditions within peat and calcic mull organic 
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Fic. 3. — Edaphic and climatic responses of each defined ecological group. Asterisks indicate pre- 
ferenda referring to Subatlantic province. Typical taxa and presumed "r-K" species are 
bracketed. 


biotopes are the most important processes involved for the faunal organization of 
oribatid communities (i. e. community structuring mechanisms according to BLON- 
DEL, 1979). Community structuring mechanisms in peat and mull calcic horizons 
would thus agree with KLOPFER’s (1959) model, which is linked up with the “Cata- 
strophe Theory" (CANCELA DA FONSECA, 1980). On the contrary, in non calcic mull 
and moder organic horizons, life conditions are far less contrasted (TOUTAIN, 1974) 
and the stenotopy of the fundamental components of communities is weaker. There- 
fore, oribatid community organization would be less affected by an abiotic environ- 
ment, and would be referable to one of those models emphasizing heterotypical 
reactions or qualitative changes (genetic, physiological...) within the species (see 
BLONDEL, 1979). Community organization and population regulation are, of course, 
closely connected (WvNNE-EDWARDS, 1962; BARBAULT & LECORDIER, 1977). Conse- 
quently, in the light of the hypothesis about structuring mechanisms and in pur- 
suance of HORN's (1968) theory, the numerical regulation of oribatid populations 
in peat organic horizons would be mainly due to physical variables, and the numerical 
regulation in calcic mull would be mainly due to alimentary variables. On the contrary, 
numerical regulation of non calcic mull and moder populations would refer to a 
"density-dependence" type. 


In an evolutionary prospect, if we admit, as WALLWORK (1980) supposed, that 
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the demographic gradient “r-K” of MACARTHUR & WILSON (1967) may be applied 
to forest populations of hemiedaphic Oribatida, we can reason from the hypothesis 
that peat and calcic mull populations would mainly be situated on the “r” side, 
while non calcic mull and moder populations would be on the “K” side. This is based 
on the fact that habitat temporal stability influences demographic strategy, as SoUTH- 
woop (1977) pointed out. From this standpoint, Fuscozetes fuscipes would be the 
most typical “r” strategist because the adults and juveniles differ from all the other 
taxa first, because of their great number in both calcic mull and peat stands, and 
second, in being almost non-existent in the other humus types. This is corroborated 
by WALLWORK's (1958) observations indicating that F. fuscipes seems to be the sole 
known oribatid mite whose feeding preferences are necrophagy. On the contrary, 
13 entities (see fig. 3) would show a very marked “K” tendency first, because of the 
great abundance of adults and juveniles in non calcic mull and moder horizons, 
and second, because of their apparent absence in calcic mull and peat biotopes. 
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APPENDIX 


Unretained systematic units 


The community samples contained a certain number of ecological taxa referring to systematic 
units whose usual biotopes (at least, in the light of our present knowledge) do not seem to be forest 
organic horizons. Seven systematic units are mainly collected in deep soil horizons. These are Palae- 
acarus hystricinus, Brachychochthonius suecicus, Atopochthonius artiodactylus, Gehypochthonius 
species, Eulohmannia ribagai, Microtritia minima and Suctobelbella tuberculata. Eleven systematic 
units are either typical cortico-arboricolous or species for which there is no doubt about their ability 
to live in this environment. These are: Damaeus clavipes, Cepheus dentatus, Eueremaeus cf. valkanovi, 
Autogneta penicillum, Cymberemaeus cymba, Micreremus brevipes, Eupelops acromios, Humerobates 
rostrolamellatus, Minunthozetes pseudofusiger, Dometorina plantivaga, Zygoribatula exilis. At last, 
two systematic units prefer rotten stumps, i. e. Thyrisoma lanceolata and Autogneta longilamellata. 


Tvpical and companion taxa 


Typical and companion taxa, as well as their ecological modalities, are shown on table below. 
The determination of Oribatida is very difficult since the old monographs contain diagnoses which 
are either too short or too imprecise, or figures which are too concise. The systematic units for which 
we have used the terms "species", “cf” or "ssp" are either undescribed species or known species which 
are doubtful and would require the observation of types. The immature Oribatida listed under the 
name of Eupherederma species could not be linked to a known systematic unit. À few morphological 
and rather exceptional characteristics differentiate them to a large extent from the other Circum- 
dehiscentiae Oribatida. We used the term "grp" for juvenile taxa which could not be linked for sure 


to adult taxa. Finally, Exentrosclerosae grp. N. means oribatid juveniles belonging to Scheloribatidae 
or Oribatulidae. 
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List of typical and companion taxa according to taxonomic order. 


D: internal drainage; W: percentage standard deviation of water content; O: abundance of oak; Y: abundance of hornbeam; F: abundance of beech; 
A: exchange acidity; C: carbon; N: nitrogen; S: slope; H: altitude. States referring to each modality are on table III. No typical entity was chosen 
for groups /B and R. 4: adults; N: nymphs; L: larvae. 


Group 1A D W Q Y F pH 4 C N S H Group 1B DEW. SY RB pH ENS A 
Typical taxon 13 - ue ee as impressus N, ..... eer A ubt SS 
= "hvychoc. ji 2 
218- Suctobelbella baloghi A. +. |$3525522135242| amaia o5 3138223431113 
- 51 — Euphthiracarus cribarius A. ....... 3 4.59 MSE er! pode og X 
Companion taxa 62 — Phthiracarus species C-A. .,.,..,., MIA E IE 
i; " A 65 — Phthiracarus affinis A. .,.,.....,.. SSI SEUS SITAS uL JJ. Ss 
: B yia — oT je rms T REA AS : 1 | 1 z : E 3 I 90 - Platynothrus capillatus AI 2 SE BW. S Ge 10 € I $ 
15 — Poecilochthonius italicus N, ....... JU NE 3 & | 1 ) 3 À T4 = Eee vis xd Pos "dép ES a 5 E 7 ; 3 1 ! ; : ; 
23 - Brachychochthonius species N. ..... | $3 SAS € Xo À X 5 Lie Ordres D VC Hb $ 3- qw t 1 2 i 2 T à 
25 — Brachychochthontus immaculatus N.. 1 1 5 4 4 5 | 4 3 $ | |535  cohonea d decal "Sid e RE 2 r$ MAT FAN 
26 — Brachychochthonius formosus A. ... is $ 5$ * * wt EU-S 259 = Fin apd a ea) BA ihe aa io rieur ra f 1 4 a. S 3 
33 — Liochthonius propinquus À. ........ fad ke SEAS 280 E Mela ops gua Sin PURE se 243 » 4 i 3 d UT 3 | 
71 — Steganacarus spinosus A. ... LA SE Ww D A T d$ À 4 303 % Ch. ee Ar AE ELA Adis ance 5 S ET S 1 4-4 À LC 
75 - Nothrus anauniensis A... o op 3 o^» 2S Lb SF Si & |] RARES SO SX OUR Me ufui y 
DE C NE D ANAL RTE NI erani trece 1 S ow $ ERAS i 309 — Pilogalumna tenuiclavus À A s : 5 5 1 5 h 1/06, 14 |. 44 | 
91 — Heminothrus targionii A. .......... Las © € 5 d 1 L & 2 310— Pilogalumna tenuiclavus N. v dX. X7 ce go ee A lacs .] | 4 
114 — Hermanniella granulata N i o X Ro wv d ol d $ d 311 — Pilogalumna tenuiclavus L. ... «€ D. 95 dq $5 349 5 ix W (DS | 
129 — Metabelba papillipes A. ........... | 1 5 5 4 5 | 3 2 5 2 |317- Scheloribates latipes ssp. A-A...... 2 5 1 1 $ 3 4 1 2 5 5 
134 — Tritegeus bisulcatus A. ....,...,.. Lo X ww ow X $ Ln X oW 5 à à 
135 - Nellacarus cf. septentrionalis A. .... 1 5 1 4 S S 1 2 1 S | 
136 — Nellacarus cf. septentrionalis N, .... | I I LH SR 0 4 4 Group 1C DW OY, E PH 142 © N S H 
138 — Ctenobelba pectinigera A. ... l 1 |] 4 $5 ££ b & 2 © | 
139 — Crenobelba pectinigera N. ... |l 2 : L 5 $ 1 1 : $ 2 Typical taxon 
141 — Fosseremus quadripertitus N, | 4 5. & | 1 ‘ " 
144 — Eupherederma species L. .........- lox do ts sS Y 3 T 2 2 215 - Suctobelbella forsslundi A. ....,,.. ETE & xxx YT ZX hs À 
183 — Oppia fallax A. .....,,.,,,.,,,,,4 | 4*9 St WX * T Ww D 5$ ! y 
190 — Oppia unicarinata A. «ise raw o 4 2 d Wu X bog Companion taxa 
194 .— Oppia.grp. B-L. sinus Lh 4 d$ os ow $9 s$ x» 3» Wi | — Hypochthonius luteus A. .......... ] ee SN Ss gi tS 3 
217 — Suctobelbella alloenasuta A. .....,.. LU o YES TE XS o" 16 - Neobrachychthonius marginatus A.. | S 1 5 5 S Y | | 5 1 
219 — Suctobelbella carcharodon A Les x HS JJ 4 I + d 48 — Liochthonius hystricinus N. ..... v E VE Ge REP 33 dw we of 
239 — Pantelozetes paolii A. .... os 1 À 5 5 4 9$ £ 5$ SS £ | lII-—Bélba.córynopus rise r LOLME RE dE es COR jJ 
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AHINVM '5 


Group 1D 


Typical taxon 


307 — Galumna lanceatus Le eee 


Companion taxa 


20 — Brachychochthonius zelawaiensis N, . 

22 - Brachychochthonius cricoides N. ... 

31 —Liochthonius evansi N, ...,.,..... 

36 — Liochthonius brevis L. ....... 

86 — Camisia spinifer A. ......,.. 
118 — Damaeus auritus A. ......,,. 
126 — Damaeus verticillipes A. ..... 
155 - Liacarus grp. N. ............ 
162 — Carabodes areolatus A, . 
167 — Carabodes reticulatus A 
168 — Carabodes grp. N. ... : 
180 — Oppia bicarinata A. ..,,,..,, 
185 — Oppia maritima A. ..,,,.., ‘ 
198 — Oppia grp. D-L. ......,,.... 
200 — Suctobelba granulata A. ..... 
203 — Suctobelba sorrentensis A. ... 
212 — Suctobelbella longirostris A. .. 
235 — Conchogneta dalecarlica A. .. 
236 - Conchogneta dalecarlica N. .. 
240 — Pantelozetes species A. ...... 
257 — Eupelops species A-A. ....... 
258 — Eupelops species A-N. ....... 
268 — Joelia fioril A. ......, 
272 - Ceratozetes mediocris N., 
308 — Acrogalumna longiplumus A. "m 
315 — Scheloribates laevigatus A. ..,,.... 
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Group 2 


Typical taxa 


107 - Trimalaconothrus cf. novus A. ..... 
108 — Trimalaconothrus cf, novus N. ..... 
251 — Parachipteria willmanni A. ........ 
252 — Parachipteria willmanni N. coo... 
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| 184- Oppia fasciata A. ...... .. 


Companion taxa 


44 - Liochthonius sellnicki A. ,.,..,.... 

46 — Liochthonius alpestris N. ..,,,,,,.: 

50 - Liochthonius perfusorius N. ....... 
109 - Trimalaconothrus cf. novus L, ...... 
110 — Trimalaconothrus species A-A, ..... 
111 — Trimalaconothrus spciees A-N. ..... 
112 — Trimalaconothrus species A-L. ..... 
150 - Ceratoppia sexpilosa L. ... 
253 - Parachipteria willmanni L. 
281 — Ceratozetidae grp. N. .... V 
284 — Fuscozetes fuscipes L. ......:,.:., 


Group 3A 


Typical taxon 


30 — Liochthonius evansi A. ....,....... 


Companion taxa 


12 — Brachychthonius impressus A. ...., 
18 — Brachychochthonius honestus N. ... 
19 — Brachychochthonius zelawaiensis A. . 
21 — Brachychochthonius cricoides A. ... 
38 - Liochthonius simplex N, us... y 
39 — Paraliochthonius globuliferus N. ... 
101 — Nanhermannia pectinata A. .,..,,. 
102 — Nanhermannia pectinata N. ...,,,. 
181 — Oppia bicarinata ssp. A-A. ,...,,,. 
186 — Oppla minus As «seco ey tttm 
189 — Oppia sigma conjuncta A. . s 
206 — Suctobelbella hamata A. . 
223 - Tectocepheus knullei A. . ix 
224 — Tectocepheus knullei N. ,..,....., 
244 — Achipteria coleoptrata L. .,....... 
264 — Oribatella quadricornuta N. ....... 
275 - Ceratozetes peritus L. ,..,,...,,., 
293 — Chamobates cf. borealis A. ........ 
294 — Chamobates cf. borealis N, ........ 
298 — Chamobates cf. borealis ssp. A-L. .. 


| 301 - Chamobates species A-L. ......... 


318 — Scheloribates pallidulus A. ........ 
324 — Oribatula tibialis ssp. A-A. ........ 
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Group 3B 


Typical taxa 


79 — Nothrus cf. borussicus L. ....... 
201 — Suctobelba lapidaria A. 


Companion taxa 


37 - Liochthonius simplex A. ,..,,.,,.. 
77 — Nothrus cf. borussicus A. ,.,,,... 
78 - Nothrus cf. borussicus N, ,..,..,., 
80 — Nothrus palustris A. .,...., 
+ 98- Nanhermannia nanus A. 
197 — Oppia grp. D-N. .......... 
209 — Suctobelbella sarekensis ssp. B-A. ... 
242 — Achipteria coleoptrata A. ,...,.,.. 
266 — Ophidiotrichus tectus N. 
306 — Galumna lanceatus N. ....,....... 
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Group 4A 


Typical taxa 


40 — Liochthonius muscorum A. ..,..... 
172 — Quadroppia quadricarinata grp. N. . 


Companion taxa 


24 — Brachychochthonius immaculatus A. . 
42 — Liochthonius strenzkei A. ,..,,.... 
43 — Liochthonius strenzkei N. ....... 
47 — Liochthonius hystricinus A. .. ex 
58 — Phthiracarus species A-A. ......... 
69 — Steganacarus cf, striculus ssp. A-A. . 
142 — Amerus cf. polonicus A. ........... 
158 — Adoristes poppei L. ...,,.,..,,... 
160 — Xenillus tegeocranus N. ,..,.,..... 
202 — Suctobelba regia A. ...... 
241 - Machuella draconis A. ... 
263 — Oribatella quadricornuta A. 
271 - Ceratozetes gracilis L. ............ 
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Group 4B 


Typical taxa 


100 — Nanhermannia nanus L. ........., 
270 — Ceratozetes gracilis N. ........... 
299 — Chamobates species A-A. ......... 


Companion taxa 


14 — Poecilochthonius italicus A. .,..... 
57 — Phthiracarus nitens A. . 
64 — Phthiracarus tardus A. 
67 — Steganacarus anomalus A. . re 
82 — Nothrus palustris L, .............. 
99 — Nanhermannia nanus N. .......... 
153 — Liacarus species A-A. ....... 
154 — Liacarus species B-A. ....... = 
157 — Adoristes poppei N. ...,.,.,.,.,.. 
159 — Xenillus tegeocranus A, .,,....... 
163 Carabodes coriaceus A. ...... 
178 — Oppia obsoleta A. .......... 
193 — Oppia grp. B-N. ...... 
199 — Suctobelba trigona A. ............ 
208 — Suctobelbella sarekensis ssp. A-A. .. 
222 - Suctobelbidae grp. N. ....... 
226 — Tectocepheus minor A, 
227 - Tectocepheus minor N. " 
228 — Tectocepheus minor L. ,...,.,..... 
229 — Tectocepheus sarekensis A. ........ 
230 - Tectocepheus sarekensis N. ........ 
231 - Tectocepheus sarekensis L. ..... z 
243 - Achipteria coleoptrata N. ......... 
260 — Oribatella calcarata A. ...... 
261 — Oribatella calcarata N. 
265 — Ophidiotrichus tectus A. 
269 — Ceratozetes gracilis A, ...... 
274 — Ceratozetes peritus N, ....... 
286 - Euzetes globulus N. ......... 
287 - Euzetes globulus L. ,. 
296 — Chamobates cf. borealis ssp. A-A. .. 
297 — Chamobates cf. borealis ssp. A-N. .. 
300 — Chamobates species A-N. ......... 
325 - Oribatulidae grp. L. ..,.,......... 
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Group 5 


Typical taxa 


104 - Malaconothrus gracilis A. ......... 
105 — Malaconothrus gracilis N. .. atat 
106 — Malaconothrus gracilis L. ,,.....,, 
LES — Omia Sta Ad osseuse to 


Companion tax t 


4 - Hypochthonius rufulus A. ,,..,.,,, 
6 — Hypochthonius rufulus L. 
11 — Brachychthonius berlesei N. ....... 
17 — Brachychochthonius honestus A. ... 
53 - Rhysotritia duplicata A. .. 
54 — Rhysotritia duplicata N, . 
68 — Steganacarus magnus A. ... 
85 — Nothrus silvestris L. ......, SAT 
131 - Damaeobelba minutissima A. ...... 
| 132- Damaeobelba minutissima N. ...... 
133 — Cepheus cepheiformis A. ..,....... 
213 - Suctobelbella similis A. .........,. 
220 - Suctobelbella falcata A. ......,,.. 
| 221 - Suctobelbella perforata A. ...... nA 
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Group 6A 


Typical taxa 


87 — Platynothrus peltifer A. ,,........ 
88 — Platynothrus peltifer N. 
173 — Oppiella nova A. ..... 
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Companion taxa 


5 — Hypochthonius rufulus N. .....,,.. 
7 — Eniochthonius minutissimus A. ..... 
8 — Eniochthonius minutissimus N. ..... 
9 — Eniochthonius minutissimus L. ..... 
10 — Brachychthonius berlesei A. ....... 


4 - Liochthonius brevis A. iiie 


35 - Liochthonius brevis N. ....,.,..., i 
61 - Phthiracarus anonynum A. ........ 
72 — Hermannia gibba A. .....oomo.ooo. 
73 — Hermannia gibba N. ............. 
74 — Hermannia gibba L, occ cen hos 
81 — Nothrus palustris N, «isses 
83 — Nothrus silvestris A. .......,..... 
84 — Nothrus silvestris N. . > 
89 — Platynothrus peltifer L. ... 
113 - Hermanniella granulata A, Vier 
120 — Damaeus onustus A. ......,,..... 
121— Damaeus onustus N, «essen 
122 - Damaeus onustus L. ...,.,..,.... 
156 — Adoristes poppei A. ........,..... 
64 — Carabodes femoralis A. ,....:..... 
165 — Carabodes labyrinthicus A. ........ 
170 — Quadroppia quadricarinata A. ..... 
171 - Quadroppia quadricarinata ssp. A-A. . 
177 — Oppla OrWalu A o. iau een marne 
179 - Oppia subpectinata A. 
191 — Oppia grp. A-N., ,..... SANTE 
195 - Oppia grp. C-N. .,,,..... . 
204 — Suctobelbella subcornigera) A . 
207 — Suctobelbella sarekensis A. ....... 
214 — Suctobelbella nasalis A. ..,....... 
216 — Suctobelbella subtrigona A. ....... 
232 - Tectocepheus velatus A. 
233 — Tectocepheus velatus N. ......,... 
234 - Tectocepheus velatus L. .,,,...,.,. 
238 — Cultroribula bicultrata A. ......... 
285 - Euzetes globulus A. 


we 288 - Minunthozetes semirufus A. ....... 
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305 — Galumna lanceatus A. .......,.,,: 
323 — Oritatula tibialis A. ........,., es 
326 - Exentrosclerosae grp. N. ....... s 
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Group 6B 


Typical taxon 


146 — Ceratoppia bipilis N. ....,,.,.,... 


Companion taxa 


59 — Phthiracarus species B-A. ......... 

63 — Phthiracarus serrulatus A, 
145 — Ceratoppia bipilis A. .. 
147 — Ceratoppia bipilis L. ,. 
176 — Oppiella neerlandica A. .... 
196 — Oppia grp. C-L. .....,..... 
249 — Parachipteria punctata N. ... 
254 — Eupelops plicatus A. ....... 
262 — Oribatella calcarata L. ..... 
289 — Minunthozetes semirufus N. SE 
319 — Hemileius initialis A. ...... Less 
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Group R 


27 — Brachychochthonius rostratus A. ... 
29 — Mixochthonius pilososetosus A. .... 
41 — Liochthonius muscorum N. s.s.s.. 
45 — Liochthonius alpestris A. .......... 
49 — Liochthonius perfusorius A. ....... 
52— Rhysotritia ardua A. ..... 
55 — Rhysotritia duplicata L. .. 
56 — Phthiracarus laevigatus A. ........ 
60 — Phthiracarus cf. crinitus À. ........ 
66 — Phthiracarus grp. N. ien 
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| 248 - Parachipteria punctata A. 


70 — Steganacarus cf. striculus ssp. B-A, 
92 — Nanhermannia coronata A. ....... 
93 - Nanhermannia coronata N. ,...... 
94 — Nanhermannia coronata L. ,.,...,. 
95 — Nanhermannia elegantula A. ...... 
96 — Nanhermannia elegantula N. ...... 
97 — Nanhermannia elegantula L. ....... 
103 — Nanhermannia pectinata L. .. à 
115 — Belba corynopus A. ......... 
116 — Belba corynopus N. ......... 
127 - Damaeus species A. ......... 
130 - Metabelba papillipes N. . 
137 - Gustavia microcephala A. 
148 - Ceratoppia sexpilosa A. ... 
149 — Ceratoppia sexpilosa N. ..... 
151 - Liacarus coracinus A. ......, 
152 - Liacarus nitens A. .......... 
166 — Carabodes marginatus A. .... 
169 — Odontocepheus elongatus A. .. 
174 — Oppiella nova ssp. A-A. ..... 
175 - Oppiella nova ssp. B-A. ,,........ 
192 — Oppla grp. A-L. ..,,,,,:,.4.,,4 
205 — Suctobelbella subcornigera ssp. A-A. . 
210 — Suctobelbella acutidens A. ........ 
211 — Suctobelbella duplex A. ...... A 
225 - Tecrocepheus knullei L. , 


250 — Parachipteria punctata L. .... 
255 — Eupelops plicatus N. ,.,,,... 
256 — Eupelops plicatus L. ......... sie 
267 — Ophidiotrichus tectus L. .......... 
273 - Ceratozetes peritus A. .,..,.,,.,.. 
276 - Trichoribates grp. N. ............. 
277 — Edwarzetes edwarsi A. ,.......,., 
282 — Fuscozetes fuscipes A. «ise 
283 — Fuscozetes fuscipes N, ....... ES 
290 - Minunthozetes semirufus L. ....,., 
292 — Punctoribates punctum N. ......... 
295 — Chamobates cf. borealis L. . 
316 — Scheloribates latipes A. 
320 — Liebstadia humerata A. Re 
321 — Liebstadia similis A. ...,.,,....,, 
322 - Scheloribatidae grp. L. .,......,.. 
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